INTRODUCTION

From such a viewpoint, the power flow in the distribution system of AIST (National Institute of Advanced Industrial Science and Technology), who introduced a large number of photovoltaic generation systems, is measured in detail.
By analysing the power fluctuations caused by the photovoltaic generation systems and the demands, a method to reduce the influence of the power fluctuation caused by a large amount of uncontrollable dispersed generation systems such as photovoltaic and wind generation systems on the distribution network system is proposed.
DEMAND FLUCTUATION OF A GROUP OF LARGE POWER CONSUMERS
In the future power network system, a large number of dispersed generation systems will be introduced to the power system. Particularly, the dispersed generation system such as wind and photovoltaic generation systems will play very important roles because of low impact against the environment. However, the output of the wind and photovoltaic generation system depends on the weather condition, and is uncontrollable.
Due to this uncontrollability, the power imbalance between generation and consumption will be a big problem [1] - [4] . Especially, the fast output power fluctuation caused by wind and photovoltaic generation system has enough potentialities to deteriorate the stability and quality of the power network because of the following reason.
1) The power fluctuation is too fast to be compensated by the reserver of the power system.
2) The influence of the power fluctuation often appears in the limited area of the power system, as these uncontrollable generation systems are tend to be connected at the end section of the power system.
From a viewpoint of the influence on the power system, the demand fluctuation caused by loads has the same influence. Thus, as a first step of the investigation, the power demand of AIST, which consists of a group of large scale consumers, is measured as an example.
As shown in figure 1 , this consumer consists of 9 sites (A~I). The site C and I have the private substations, and the other sites use the common substation. These 3 substations receive the power form 66 kV commercial network and distribute the power by 6.6 kV distribution lines. Figure 2 shows the typical total demand curve of the 9 sites in summer season. As shown in figure 2 , the total demand of AIST's distribution network varies from 13.1 MW to 23.6 MW, and its average demand is about 18 MW. This , and E tend to be small because the consumption of the loads that work continuously (the air-conditioners for constant temperature rooms, for example) is dominant. The total power demand of these 9 sites varies from 70 % to 130 % of the average demand.
In order to extract the fast fluctuation component from the measured total power demand curve, the 1st-order highpass filter whose cut-off time constant is 30 minutes is used. The obtained result is shown in figure 3 . The fast fluctuation component generated in each site can be obtained by using the same filtering technique as is used to obtain the result shown in figure 3 . From the results of the analysis of the fast demand fluctuation, the following characteristics are confirmed.
1) The fast fluctuation of site B, D, and E, which have the small variation in daily demand curve, tend to be small throughout the day, and do not show clear peak even at the starting and finishing time zones. Thus, the demand fluctuations of these sites can be regarded as unpredictable fluctuations.
2) The fast fluctuation of other sites can clearly be divided into 2 components; predictable component and unpredictable component. The predictable component of each site has high correlation and create the large fluctuation of the total demand (approximately ዝ 2 MW) at the starting and finishing time zones.
3) The standard deviation of the unpredictable fluctuation component is almost proportional to the square root of the average demand, not proportional to the average demand. This can be seen in figure 4 . (Here, the broken line indicates the characteristic proportional to the square root of the average demand.) This characteristic means that the unpredictable components of the demand fluctuation can be regarded as probabilistic phenomena. Thus, these unpredictable components can be smoothed down with the law of large number.
In this section, the fast fluctuation of the power demand is analysed. As a result, it is confirmed that the fast demand fluctuation can be divided into 2 components; predictable and unpredictable components. The predictable component is the periodic phenomenon. Since this periodic component is mainly generated by the staff activities, the components generated by each site have high correlation and create large fluctuation as a total. On the other hand, the unpredictable component is the irregular fluctuation (probabilistic phenomenon) and can be smoothed down with the law of large number. 
POWER FLUCTUATION OF A GROUP OF PHOTOVOLTAIC GENERATION SYSTEMS
In May, 2004, 1 MW-class photovoltaic generation system was introduced in AIST Tsukuba area [5] . The specification of the installed photovoltaic generation system is shown in TABLE 2. This photovoltaic generation system consists of over 200 interconnecting converters in order to simulate the influence of a large number of photovoltaic generation systems on the low voltage distribution network.
The output of the photovoltaic generation system is uncontrollable, and may change very rapidly depending on the sunshine condition. As the photovoltaic generation systems were installed in small area (approximately 1.5 km ዝ 1 km), the outputs of each photovoltaic generation system show high correlation. Thus, the output fluctuation of the each system tend to overlap, and to generate large fluctuation as a whole.
From the result of the preliminary analysis, the output fluctuation of the photovoltaic generation systems can also be separated into 2 components; predictable component and unpredictable component. However, both components cannot be smoothed down with the law of large number due to the high correlation of each output. As a result, both predictable and unpredictable components are superimposed, and generate a large fluctuation.
The total output expectation of the photovoltaic generation systems under the clear sky (ideal sunshine) condition is shown in figure 5 . The fast fluctuation component, which is obtained by the same method used to obtain figure 3, is also shown. As shown in the figure, the maximum output of the photovoltaic generation systems is about 600 kW. This is because of the fact that the install conditions of each cell panel are different due to the restrictions of the building conditions and so forth.
As shown in figure 5 , the fast fluctuation component under the ideal sunshine condition is predictable, and approximately ዝ60 kW fluctuation appear at the sunrise and sunset time zone. However, in case of the quick change of the sunshine condition caused by the passage of a lump of cloud, for example, the output of the photovoltaic generation systems varies between the level of 0 % and 100 %. In the case shown in figure 5 , the total fluctuation caused by the quick change of the sunshine condition may reach to ዝ600 kW around the noon. This output change is unpredictable, and is very large compared to the predictable component (approximately ዝ60 kW). Thus, in the case of the fluctuation generated by photovoltaic generation systems, the unpredictable component is dominant.
As mentioned in this section, the photovoltaic generation systems have potentiality to generate large and fast fluctuation. As a result, the introductions of photovoltaic generation systems increase the unpredictable fluctuation in the distribution network. In the case of AIST, the unpredictable fluctuation may reach up to 1.1 MW, which is obtained as a sum of the unpredictable fluctuation by the loads (0.5 MW) and the unpredictable fluctuation by the photovoltaic generation systems (0.6 MW). As shown here, the introduction of the photovoltaic systems lead to the drastic increase of the unpredictable fluctuation although the total capacity of the photovoltaic generation systems is very small compared to the total demand. The results mentioned above can be applicable to the case of the wind generation systems installed in small area. Therefore, the problem of the increased unpredictable power fluctuation will be a serious problem in the future power network system to which a large number of uncontrollable generators such as photovoltaic and wind generation systems are introduced.
COMPENSATION OF POWER FLUCTUATION
As shown in the previous sections, the influence of the unpredictable power fluctuation can not be neglected in the future power network. Thus, the consideration of the power fluctuation compensation, especially for the unpredictable components, becomes important.
In order to compensate the power fluctuation, the cooperative control between controllable generators, power storage devices, and controllable loads seems to be the promising technology [1] - [4] .
The cooperative control of these facilities can absorb the power fluctuation caused by the uncontrollable generators and the uncontrollable loads. The absorption of the fluctuation will be achieved by controlling the outputs of controllable power generators, the charges and discharges of storage devices, and the consumed power of controllable loads at the same time. These operations should be decided by considering the response of each facility.
In order to absorb the power fluctuation effectively, the compensation devices (controllable power generators, storage devices, and controllable loads) should be located nearby the source of the fluctuation. As the power fluctuation is composed of predictable component and unpredictable component as mentioned in the previous sections, the power fluctuation should be absorbed by considering the type and source of the fluctuation. Because of this, the cooperative control system requires numbers of power facilities and sensors which are located dispersively and the information network connecting them. Therefore, the control strategy should be autonomous as much as possible. Figure 6 shows the conceptual diagram of the cooperative controlled power facilities and sensors. As shown in the figure, the facilities connected to the same feeder line form the cooperative control block. This block is the unit of the cooperative operation. The control information used for the cooperative operation are shared inside of the block. As a result, each unit block intends to behave as a 'goodnatured consumer' (the consumer who generates no power fluctuation) as much as possible.
The information shared between unit blocks are the surplus or shortage of the compensation capability of each unit block. This information is used to assist the absorption operation of the other unit block located nearby.
By introducing this cooperative control, the high-level compensation, which can not be realized by the single compensation device, can be achieved. The introduction of the cooperative operation can also reduce the capacity of the compensation facilities and the incidence of the control interference between facilities compared to the individually controlled systems.
CONCLUSION
In this paper, the increase of the power fluctuation in the future power network to which a lot of uncontrollable power generation systems are introduced, has been pointed out. As the fast power fluctuation, especially unpredictable component has large potentialities to deteriorate the stability and quality of the power system, the fluctuation should be compensated. However, since the required capacity of the power compensation in the future is very large and the number of the fluctuation source will be large compared to the present situation, it is difficult to compensate by the single compensation device. Because of this, the authors propose a cooperative operation method between controllable generators, storage devices, and controllable loads. At present, the numerical validity confirmation of the cooperative control based on the measured data is in progress. The results will be reported in the near future.
